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therefore conclude that only the metabolism involving Aio could
have performed anaerobic As redox conversion in the Archaean.
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Type-II NADH:quinone oxidoreductases (NDH-II) are membrane
proteins involved in respiratory chains. NDH-II performs the same
reaction as Complex I, but does not contribute to the generation of
the ion electrochemical potential. Both enzymes may be expressed
by the same organism according to its metabolic demands. Some
pathogenic bacteria contain only genes encoding NDH-II and in
animal mitochondria only Complex I is expressed. The study of NDH-
II gained a new enthusiasm after the publication of two yeast
structures, which brought additional discussions also due to their
apparently contradictory data, concerning the quinone binding site
[1–2]. The ﬁrst crystal structure of a bacterial NDH-II enzyme was
reported this year [3] and revealed unique binding sites for the
substrates. Still the interaction of NDH-II with the substrates,
including the localization of the binding-sites remains unclear.
This work aims to study protein–substrate interaction of NDH-II with
different quinones, in order to elucidate the structure/function relation,
namely the determinants for speciﬁcity for different substrates. A
comparative study, through a range of methodologies, of the differences
between ubiquinone and menaquinone bindings was performed.
Implications on the catalytic mechanism of NDH-II are discussed.
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The nature of the carbon metabolism of the extinct primordial
organisms is a critical question to understand the origins of life [1,2].
Central to core carbon metabolism is the C1 chemistry involving
folate and its structural analog, methanopterin. Based on the
chemical properties of the vents, Lane and Martin [3] put forward a
methanogenic origin of archaea, having the Wood–Ljungdahl (WL)
pathway as the universal carbon ﬁxation pathway between the two
prokaryotic domains. Could it be that an imprint of early chemistry is
preserved in the C1 metabolism of modern organisms? We won't
know unless we look, and genomes harbor abundant information. By
studying the distribution and frequency of the enzymes for
methanopterin and folate biosynthesis within sequenced genomes
[4,5], we found that these distinct biosynthetic routes are unrelated
across the two domains, indicating that the corresponding pathways
arose independently. This dichotomy is also observed in the
structurally unrelated enzymes and different organic cofactors that
methanogens (archaea) and acetogens (bacteria) use to perform
methyl synthesis in their H4F- and H4MPT-dependent versions,
respectively, of the WL pathway. The data suggests that, in contrast
to the ancestry of the acetyl synthesis segment, the methyl segment
of the WL pathway evolved in a later stage, after the divergence of
bacteria and archaea, which independently invented genetically-
encoded means to synthesize methyl groups via enzymatic reactions.
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Cell wall defective (CWD) bacteria are made by using lysozymes
to disrupt the cell wall and are insensitive to β lactam antibiotics [1].
Understanding the mechanism of this resistance should provide
signiﬁcant insight on how CWD bacteria grow, reproduce and
proliferate [2–4]. Accordingly, we observed different properties of
CWD bacteria, such as growth, metabolism, and protein synthesis.
We prepared CWD Escherichia coli and cultured them in ampicillin.
The CWD E. coli did not divide but grew, reaching a maximum
diameter of 10 μm at 8 h of culturing. Consistent with this
observation, protein synthesis and metabolic activity were observed
for 8 h. Upon removing the ampicillin from the culture, the CWD
E. coli began to deform and divide. Furthermore, the divided CWD
E. coli was only 3–5 μm diameters, suggesting the division mecha-
nism did not function beyond this size. Finally, we will also discuss
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ATP concentrations inside the CWD E. coli and their relationship to
our other observations.
References
[1] E. Allan, C. Hoischen, J. Gumpert, Bacterial L‐forms, in: advances
in applied microbiology, 2009.
[2] J. Errington, L-form bacteria, cell walls and the origins of life, in:
Open Biol, 2013, pp. 120143.
[3] Leaver, P. Domínguez-Cuevas, J.M. Coxhead, R.A. Daniel, J.
Errington, Life without a wall or division machine in Bacillus
subtilis, in: Nature, 2009, pp. 849–853.
[4] J. LEDERBERG, J. ST CLAIR, Protoplasts and L-type growth of
Escherichia coli, in: J Bacteriol, 1958, pp. 143–160.
doi:10.1016/j.bbabio.2014.05.110
S8.P30
Bioenergetics of Corynebacterium glutamicum — Model-based
quantiﬁcation of bacterial oxidative phosphorylation
Elisabeth Zelle, Nina Pfelzer, Abigail Koch-Koerfges, Marco Oldiges,
Michael Bott, Wolfgang Wiechert, Katharina Nöh
Forschungszentrum Jülich, Germany
E-mail: e.zelle@fz-juelich.de
Aerobic respiring bacteria gain ATP predominantly by substrate
level phosphorylation (SLP) and by electron transport phosphoryla-
tion (ETP). In many of these organisms ETP is assumed to be the
main contributor to ATP synthesis. This qualiﬁes the ETP as a
promising metabolic engineering target aiming at the design of
energetically superior strains.
In this study, we use a data-driven model-based approach to
achieve, for the ﬁrst time, a quantitative characterization of energy
formation in the industrial platform organism Corynebacterium
glutamicum. This superior amino-acid producer possesses a respira-
tory type of energy metabolism with oxygen or nitrate as terminal
electron acceptors. ATP can either be synthesized by SLP or by ETP
with the membrane-bound F1FO-ATP synthase using the proton
motive force (PMF) as driving force [1]. The respiratory chain of C.
glutamicum contains two terminal oxidases for oxygen as terminal
electron acceptor differing in proton translocation efﬁciency by a
factor of three. 13C-labeling experiments were performed with the
wild type and a mutant that is solely dependent on ATP generated by
SLP (ΔF1FO [2]). Data were evaluated with 13C metabolic ﬂux
analysis [3]. A comparison of the in vivo metabolic reaction rates
revealed that SLP and ETP contribute equally to ATP generation.
Additionally, the results predicted that 65% of the PMF is actually not
used for ATP synthesis, possibly leaving room for improving the
efﬁciency of the ETP and the product formation, e.g. by overexpress-
ing the ATP synthase to increase the portion of PMF used by the ETP.
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